The aim of the present study was to evaluate the effects of diet-induced obesity on pancreatic islet The islet blood flow as well as fractional islet blood flow were increased (P<0\m=.\01) in rats fed the cafeteria diet, while blood perfusion of the whole pancreas was similar to that of the control rats. In a second experiment, rats received the cafeteria diet for 4 weeks and were then fed standard pelleted food alone for another 3 weeks, while controls received standard diet for 7 weeks. After this period total body weight, retroperitoneal fat pad weight and glucose tolerance were similar to those of the controls. Whole pancreatic blood flow was unchanged as compared with that of control rats. However, both islet blood flow (P<0\m=.\01) and fractional blood flow (P<0\m=.\01) were increased. We conclude that diet-induced obesity in rats is associated with decreased glucose tolerance, hyperinsulinemia and a specific increase in absolute and fractional islet blood perfusion. This increase persists for at least 3 weeks after the diet is withdrawn despite normalization of body weight and glucose tolerance.
Introduction
Previous studies have shown that an increased functional demand on the endocrine pancreas is associated with changes in islet blood perfusion (Jansson 1994) . Thus augmented islet blood flow has been demonstrated in Sprague-Dawley rats both after partial pancreatectomy (Jansson & Sandier 1989) and after a 48 h glucose infusion (Styrud et al. 1992) , as well as in Fl hybrids of the GK (Goto-Kakizaki) rat, an animal model resembling mild non-insulin-dependent diabetes (Svensson et al. 1994 ). Furthermore, experiments by Atef and co-workers (1992) demonstrated an increased islet blood perfusion in geneti¬ cally fat hyperinsulinemic Zucker rats and in normal rats subjected to lesions of the hypothalamus causing hyper¬ phagia and hyperglycemia. Whether changes in islet blood flow are involved in the development of non-insulindependent diabetes or merely represent an adaptive response remains to be established. This study aimed to investigate pancreatic islet blood flow in an animal model with an increased functional demand on the pancreatic islets, caused by moderate body weight increase. Obesity was induced in normal rats by a non-invasive method, namely voluntary overeating. We also investigated to what extent an obesity-induced change in islet blood flow would be reversed after the body weight had returned to normal values.
Materials and Methods

Animals and diet
Female Wistar rats aged 7 weeks were purchased from B&K Universal AB (Sollentuna, Sweden) (Heding 1972 
Results
At the beginning of the experiment mean body weight did not differ between the group assigned to cafeteria or control diet (data not shown). After 4 weeks of cafeteria diet the body weight of the diet-fed rats was approximately 15% higher than that of the control animals (Table 1) .
After the cafeteria-diet-fed and control animals had re¬ ceived standard pelleted chow for another 3 weeks there were no significant differences in body weight between the formerly diet-treated group and control rats ( Table 1) .
The weight of the retroperitoneal fat pads of the cafeteria-diet-fed rats had increased after 4 weeks on the diet compared with control rats (Table 1) . After 3 weeks Retroperitoneal fat on right side (g) off the diet the fat pad weight of these rats was similar to those of animals given the control diet for 7 weeks (Table 1 ). All rats were normoglycemic at the start of the exper¬ iment (data not shown). However, the rats fed the cafeteria diet for 4 weeks had an impaired glucose tolerance compared with their control group (Fig. 1) . Rats which were initially fed a cafeteria diet and then standard pelleted food for an additional 3 weeks demonstrated no discernible differences in glucose tolerance from rats given control diet for 7 weeks (Fig. 1) . Rats fed cafeteria diet for 4 weeks had increased serum insulin concentrations compared with control rats, whereas no significant difference in the pancreatic content of insulin was seen. No differences in either serum insulin levels or pancreatic content of insulin were seen between control rats and rats which had been fed cafeteria diet and later standard pelleted chow only ( Table 1) .
The mean arterial blood pressure as measured in anesthetized rats was similar in all groups of animals (data not shown). The blood flow to the whole pancreas did not differ between diet-treated and control rats 4 or 7 weeks after commencing the diet ( Table 2 ). The rats that had received cafeteria diet for 4 weeks had both an increased absolute and fractional islet blood flow as compared with the controls (Table 2 ). These changes persisted in the group of rats that had been off the cafeteria diet for 3 weeks before the blood flow measurements when com¬ pared with animals given only control diet for 7 weeks (Table 2 ). No differences in the blood flow to the liver or the duodenum were detected between any of the exper¬ imental groups (Table 2) . A negative correlation between islet blood flow and serum insulin levels was found within the cafeteria-diet-treated group after 4 weeks (r=0-9147; P=()-004). No such correlation was seen in the 4-week control group or any of the 7-week treated animals.
Discussion
Obesity and an associated increase in peripheral insulin resistance is a common finding in patients with noninsulin-dependent diabetes mellitus. To Islet blood flow (% of PBF)
9-9 ± 0-4 15-0 ± 0-9** 10-3 ±0-6 14-4 ±0-6** Duodenal blood flow (ml/min per g duodenum) (Jansson 1984 (Jansson 1985) . Also injection of mannoheptulose increased islet blood flow, while serum insulin levels were decreased (Jansson 1985 (Parving et al. 1983 , Tooke 1989 ). The present study has shown an increased islet blood flow in diet-induced obese rats, which may be associated with an increased capillary pressure within the islets. Whether such an increased islet blood flow contributes to, or is an effect of, an increased insulin demand remains unknown. It is therefore of interest to evaluate whether induced changes in islet blood flow persist or are reversed when the causative factor, such as hyperglycemia or an increased functional demand, is withdrawn. In an earlier study, in which glucose infusion for 48 h induced increased islet blood perfusion, the redistribution of the blood flow within the pancreas was demonstrated to remain 10 days after the infusion. How¬ ever after this, the absolute value of islet blood flow was reduced to that of control rats (Styrud et al. 1992) . Another study showed a persisting increase in islet blood flow in rats 8 weeks after a 70% pancreatectomy (Jansson & Sandier 1989) . Putative factors behind the persistently changed regulation of islet blood flow in these studies are a shift in the relation between sympathetic and parasympathetic nervous activity (Jeanrenaud 1985 , Jeanrenaud et al. 1985 , an altered secretion of gastrointestinal hormones and changes in the balance between locally produced vaso¬ constrictors, such as endothelins and angiotensin II, and vasodilating substances, such as nitric oxide.
In conclusion this study has demonstrated that dietinduced obese rats display a specific increase in islet blood flow, which persists after a period on a normal diet, when body weight and glucose metabolism have returned to
normal. An inverse correlation was also found between serum insulin levels and islet blood flow in the obese animals. We propose that increased islet blood perfusion is a mechanism by which adequate hormonal release from the islets can be maintained or increased during augmented functional load on the islets. Furthermore, the regulation of islet blood flow under these circumstances may be viewed as an adaptive response to the need for insulin secretion.
